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Introduction: Extravasation of CT scan contrast media into upper extremity subcutaneous tissue is
a relatively frequent complication of injection. Potential sequelae of extravasation include compartment
syndrome, skin sloughing, and necrosis. Many institutions institute protocols requiring inpatient plastic
surgery consultations immediately following extravasation injury to the upper extremity. We hypothe-
size that conversion to non-ionic contrast media for contrast CT studies has greatly reduced the incidence
of severe extravasation injuries, and may alleviate the need for routine hand surgery consultations.
Methods: Records from 102 consecutive CT contrast media extravasation injuries were identiﬁed. Data
acquired from a single institution included type and amount of contrast extravasated, anatomic location,
post-procedural clinical symptoms, whether consult was obtained, and ﬁnal recommendations and
outcome.
Results: In 102 consecutive cases, immediate surgical therapy was necessary in 0. Non-ionic mediumwas
used in 94% of these cases, and ionic dye was used in 6%. Extravasation of less than 100 cc occurred in
90%, and only 10% were greater. Plastic surgery consultation was immediately obtained in 42% of cases.
Factors prompting consultation included extravasation >30 cc, and the presence of erythema or indu-
ration. Trends for consultation remained without discernable pattern when patients were stratiﬁed by
age, amount of extravasate, or anatomic location. Conservative management was recommended in all
cases. This included elevation of the extremity, frequent pulse and sensation exams, local message, and
temporary splinting. There were no secondary complications requiring surgical intervention.
Conclusions: Extravasation of non-ionic CT contrast media appears to be innocuous and can be treated
with conservative therapy. Plastic surgery consultation should be obtained when there are obvious signs
of skin and soft tissue compromise or symptoms of compartment syndrome.
 2010 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Soft tissue extravasation of intravenously administered
substances is an increasingly common occurrence, primarily in the
upper extremity.While occurring in onlya small percentage of those
receiving intravenous therapies, the high use of intravenous lines
has made this a regular occurrence. The frequency of such events
varies based on thematerial being administered. Extravasation rates
as high as .7% have been reported in patients receiving chemother-
apeutic infusions, while up to 11% of pediatric patients receiving
intravenous ﬂuids experience some degree of inﬁltration.1
Initial rates of extravasation seen with intravenously adminis-
tered contrast dye were reported at a frequency of .2%. However,
with the widespread use of rapid bolus injections by radiology
departments in the 1990s, rates increased to an estimated .24%.2P.F. Koltz).
ciates Ltd. Published by Elsevier LtSuch events usually involve large volumes (>40 mL) of contrast
material. This is due both to the infrequent monitoring of injection
sites during administration, as well as to the continuation of
automated injections at constant pressure (even if inﬁltration has
occurred). With such practices, up to 58% of contrast extravasations
involve volumes greater than 50 mL.3
Potential reported clinical sequelae of such events are numerous,
andvaryamongpatients.Whentheydooccur, suchcomplicationsare
seen most commonly in patients with arterial insufﬁciency (athero-
sclerosis, diabetes mellitus, connective tissue disease) and venous/
lymphatic insufﬁciency (DVT, regional lymph node dissection).4
Minor sequelae of such events include localized swelling, erythema,
and hypesthesia.5 Major complications of the affected extremity
include skin sloughing/necrosis and compartment syndrome. The
varying frequencies of such events remained undeﬁned.
Due to the potential for such soft tissue complications,
a growing number of institutions have instituted protocols for the
management of such events; central to the vast majority of these
protocols is the requirement for an inpatient plastic surgeryd. All rights reserved.
Fig. 2. Pie chart displaying the age range for patients experiencing extravasation.
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This was a seemingly appropriate practice in the 1990s, with the
contrast agents of choice continuing to be conventional ionic media
at high concentrations. However, the widespread switch over the
past decade to the use of low-osmolality non-ionic contrast media
has resulted in an almost negligible occurrence of soft tissue
complications. Even the rates of major complications involving
extravasation of non-ionic media have been reported to be as lowas
2.26%.7 This has raised the question as to whether a routine plastic
surgery consultation remains warranted. We hypothesize that the
conversion to such non-ionic contrast materials has greatly
reduced the incidence of major extravasation injury, and do not
require surgical intervention, thus alleviating the need for routine
plastic surgery consultations.
2. Patients and methods
A retrospective chart review was performed on all patients
experiencing contrast extravasation over a 6-year period at a single
institution. Such events were identiﬁed from Q&A data obtained
from the associated radiology department. Patient records were
retrospectively evaluated for consultant recommendations, the
need for surgical intervention, and patient outcomes. The param-
eters included: type of contrast used, volume of extravasate,
anatomical location of extravasate, and patient age.
3. Results
Records revealed 102 cases of extravasation during intrave-
nously administered contrast media over a 6-year period, occurring
from approximately 40,000 CT scans. The vast majority of these
events occurred in the upper extremity (Fig. 1). As is standard
practice in the majority of centers, intravenous lines predominated
in the antecubital fossa; thus, a large majority of inﬁltrations
occurred in an area overlying the major neurovascular structures of
the upper extremity.
Mean patient age was 57 years, with a wide overall age range
(Fig. 2). Involved volumes of extravasate varied over a similarly
wide range, with the majority falling in a range of 21e50 cc (Fig. 3).
Tabulated results indicated that a signiﬁcant percentage of these
events (10%) involved large volume extravasates greater than
100 mL.
Records also revealed that 94% of these events involved low-
osmolality non-ionic contrast media, while the remaining 6%
involved standard ionic media. The most commonly used non-ionic
contrast media in these cases was iopamidol 300.
In 42% of cases (43 of 102 cases), a plastic surgery consultation
was obtained for upper extremity evaluation and management.
This was most commonly prompted by an extravasate volumeFig. 1. Bar graph representing distribution of extravasation cases in various anatomical
locations. The most common location for extravasation is the left antecubital fossa.greater than 30 cc regardless of the lack of clinical symptoms, as
well as the presence of erythema or induration at any volume. The
presence of erythema or indurationwas documented in 5 out of 102
patients; while none of the patients went on to develop the major
symptoms of soft tissue ulceration/necrosis or compartment
syndrome. Records indicate that all 102 cases were successfully
managed with conservative therapy, either by the radiology team
or by the consulting surgeon. This included elevation of the affected
extremity, frequent pulse and sensation exams, local massage, and
in some cases, temporary splinting. Furthermore, no cases of
extravasation required surgical intervention, either acutely or in
follow-up.4. Discussion
The extravasationof intravenouslyadministeredCTscan contrast
media into the surrounding subcutaneous tissue of the upper
extremity has long been a worrisome complication. This dates back
primarily to the widespread use of high-osmolality ionic contrast
media by the vast majority of radiology departments. The mecha-
nisms of toxicity by such media are multi-fold. The most important
of these is the hyperosmolality of these solutions, thus resulting in
their ability to lyse surrounding cells in the skin and subcutaneous
tissue.8 Other mechanisms of toxicity include mechanical
compression by large volume extravasates, local vasoconstrictive
effects, direct cytotoxicity, and secondary infections at the site of
extravasation.9 Due to the fears over such mechanisms of toxicitiesFig. 3. This bar graph represents the distribution of extravasation volume ranges. The
majority of extravasation volumes fall within 21e50 cc.
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potential therapies have been examined for immediate treatment.
Such therapies have ranged from immediate irrigation with saline
followed by suction, to local administration of various vitamins and
enzymes into the skin, to negative pressure therapies.5,10,11 . These
invasive therapies for extravasation have not been compared to
conservative management in a randomized controlled trial. The
absence of such trials is most likely due to the low incidence of
surgical intervention in cases of non-ionic media extravasation.
With the widespread switch by radiology departments to low-
osmolality non-ionic contrast dyes over the past decade, such
toxicities are no longer of signiﬁcant concern. Non-ionic media
rarely cause damage in surrounding soft tissue, even when inﬁl-
trating in patients with arterial or venous insufﬁciency. Laboratory
studies have revealed extravasation of non-ionic agents develop
less necrosis, edema, and hemorrhage than those of either
conventional or low-osmolar ionic agents.12 It has also been
demonstrated that 4 mL of extravasated iopamidol 300 (non-ionic
contrast) causes signiﬁcantly fewer gross morphologic changes and
less local histological necrosis than 4 mL of ioxithalamate 30 (high-
osmolality ionic contrast).13
In our institution, the radiology department continues to
employ a protocol for managing such events, especially when
involving estimated volumes greater than 30 mL. This protocol is
two-fold: 1) the immediate application of conservative therapy (i.e.
external compress, elevation and massage), and 2) a plastic surgery
consultation for evaluation and further management of the upper
extremity. While such a protocol is certainly valid when employed
following inﬁltration of highly toxic ionic media, it has not been
modiﬁed to address the more frequent events of non-ionic media
extravasation. Even large volume extravasations of 150 mL
involving non-ionic media have been reported to resorb without
serious sequelae.14 Since such events are extremely well tolerated
with even minor sequelae rarely being seen, the need for specialist
evaluation is not necessary, as successful treatment involves
conservative care and periodic observation.
Our data has conﬁrmed that contrast media extravasations are
now vastly different events than over previous decades secondary
to the shifting paradigms of the media administered for CT scans.
This is supported by our ﬁnding of erythema and/or induration in
only 4% of upper extremities involved, and no cases of major
sequelae (soft tissue necrosis/ulceration or compartment
syndrome). Furthermore, whether or not a plastic surgery consul-
tation was obtained (58% vs. 42%, respectively) for evaluation, no
secondary complications occurred requiring surgical intervention,
either acutely or in follow-up. Similar ﬁndings have been observed
at other institutions reporting minimal adverse effects with non-
ionic media and severe to moderate complications arising only
rarely with larger volume extravasations.7
In our cohort, the 5 patients exhibiting localized erythema and/
or induration all experienced extravasation events in the forearm,
distal to the elbow. None of those events occurring proximal to the
elbow resulted in notable skin changes. The extravasate volume in
these patients experiencing skin changes ranged from 155 cc to
200 cc.
Based on these ﬁndings, we deﬁne a high volume contrast
extravasation event as any amount greater than 150 cc. While an
extravasate of such volumemust always be examined and observed
carefully for potential sequelae, extra caremust be takenwhen such
events occur distal to the forearm.
Taking into account our data, we recommend plastic surgery
evaluation for all extravasation events of 150 cc or greater. In
addition, consultation must be obtained for any patient exhibiting
signs of skin compromise, regardless of volume. Patients notmeeting either of these criteria can be managed conservatively and
released, and do not warrant specialty evaluation.
5. Conclusions
With the majority of centers now utilizing non-ionic and low-
osmolality ionic contrast media for CT scans, extravasation appears
to be innocuous and can be treated with conservative therapy.
Plastic surgery consultation is necessary with obvious signs of soft
tissue compromise, skin changes such as blisters formation,
erythematous swelling or induration and possible compartment
syndrome, but may not be a standard practice in all cases. Each
center should develop a protocol with the radiology department for
treatment of extravasations based on the composition (ionic versus
non-ionic) and volume of extravasated media. Conservative
management should include the elevation of the affected
extremity, serial pulse and sensation exams, local massage,
temporary splinting, and follow-up with a primary care physician
for monitoring. It is our practice to encourage plastic surgery
evaluation only for those cases in which extravasate volume
exceeds 150 cc, especially when occurring distal to the elbow, as
well as those exhibiting skin compromise regardless of volume.
This practice has proven to be safe and effective, and is our rec-
ommended protocol for handling cases of CT contrast extravasation
in the upper extremity.
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